In aqueous solution, 7,8-dihydropterin is hydrated to 6-hydroxy-5 ,6,7,8-tetrahydropterin. At neutral pH the equilibrium between these two species lies predominantly towards 7,8-dihydropterin, but autoxidation of 6-hydroxy-5,6,7,8-tetrahydropterin to 7,8-dihydroxanthopterin disrupts the equilibrium resulting in further 7,8-dihydropterin hydration. Oxidation of 5,6,7,8-tetrahydropterin, at pH 6.8, by ferricyanide or dichlorophenolindolphenol, followed by a period of time for quinonoid dihydropterin rearrangement, is shown to result in a solution consisting predominantly of 7,8-dihydropterin. At 37 "C , the 7,8-dihydropterin content rapidly decreases with a corresponding increase in 7,8-dihydroxanthopterin. Addition of dithioerythritol to a 7,8-dihydropterin solution prevents 6-hydroxy-5,6,7,8-tetrahydropterin oxidation, resulting in a stable solution consisting predominantly of 7,8-dihydropterin.
Introduction
7,8-dihydropterin (PH2) may arise from oxidation of tetrahydropterins and rearrangement of the generated quinonoid dihydropterins (1 , 2) . In vivo , it has been suggested that PH2 may accumulate as a result of dihydropteridine reductase (DHPR) (EC. 1.6.99.7) inhibition or deficiency (3), or following oxidative catabolism of tetrahydrofolates (4) . PH2, in vitro, is reported to be an inhibitor of tyrosine hydroxylase (EC . 1.14.16.2) (5), indicating that impaired aromatic amino acid hydroxylation may occur in situations leading to an intracellular accumulation of PH2 .
In order to study the effects of PH2 on cellular systems it is necessary to have stable solutions of this compound. Aqueous solutions of PH2, however, undergo hydration to 6-hydroxy-5,6,7,8-tetrahydropterin (60H-PH4) (6) . At neutral pH, addition to the 5,6 double bond is not favoured and requires a strong nucleophile (6) . Consequently the equilibrium between PH2 and 60H-PH4lies predominantly towards PH2 with very little 60H-PH4 being initially present (6) . However, the rapid autoxidation of 60H-PH4 to 7,8-dihydroxanthopterin (XH2) disrupts this equilibrium, resulting in further PH2 hydration (6) (Fig. 1) . The instability of PH2 with the formation of XH2 makes enzyme inhibitor studies difficult and suggests the possibility that the reported increased excretion of XH2 in DHPR deficiency (7) may arise from PH2 hydration and subsequent oxidation.
In this paper we demonstrate that prevention of the oxidation of 60H-PH4 allows preparation of relatively pure PH2 solutions which are stable at 37°C, pH 6.8, for prolonged periods of time.
Material and Methods

5,6,7,8-tetrahydropterin
(PH4) dihydrochloride, XH2, xanthopterin (X) and pterin (P) were purchased from Dr. B. Schircks Laboraturies (Jona, Switzerland). 2,6-Dichlorophenolindolphenol (DCIP) a nd potassium ferricyanide were obtained from Sigma C hemical Co. (Poole, E ngland). Dithioerythritol (DTE) was purchased from Aldrich Chemical Co. (Poole, England). All other chemicals and reagents were Analar grade.
PH2 was prepared in 0.1 M phosphate buffer, pH 6.8, by the oxidation of PH4 to quinonoid dihydropterin (qPH2) using either a 2: 1 molar ratio of potassium ferricyanide: PH4 (8) or an excess of DCIP (2). The excess DCIP was immediately removed by extraction with ether. Rearrangement of qPH2 to PH2 was monitored by UV spectroscopy at 227 nm at room temperature (2) and was seen to go to completion. A portion of the 7,8-dihydropterins formed by DCIP oxidation was further oxidized by acid iodine treatment as described by Fukushima and Nixon (9) . UV spectra were obtained using a Perkin-Elmer Lambda 5 dual beam UV / Visible recording spectrophotometer. Reversed-phase HPLC analysis, u sing fluorescence/electrochemica l detection, of dihydro and fully oxidised pterins was performed as described by Howells et al. (10) .
Results and Discussion
Oxidation of PH4 (800 J.lM) with either ferricya nide or DCIP and subsequent rearrangement of qPH2 produced a solution with a maximum absorbance at 227 nm after 30 minutes. Although the UV spectrum of this product was characteristic of PH2 (2, 6), with three broad peaks centred at 227 nm (Emax 26120 mol/L cm-I ) 276 nm (Em ax 10850 mol/ L cm -I ) and 324 nm (Emax 5400 mol/ L cm -1), immediate HPLC a nalysis revealed the presence of XH2 and P (identified by co-chromatography with commercially availa ble standards), in a ddition to the implied PH2 peak (Fig. 2) culated by its absorbance at 324 nm (Em ax 5400 mol/L cm -I) following subtraction of the contributions from XH2 and P. The concentrations of these were determined by HPLC and the absorbance at 324 nm calculated (Emax 1911 mol /L cm -I for XH2, and 2683 mol/L cm -1 for P) . The relative proportions (%)"
of PH2, XH2 a nd P (n = 5 ± SD) were 84.6 ± 6. t 8, 7.8 ± 4.1 and 7.8 ± 3.7 respectively. The mean conversion of PH4 to these pterins was 106 ± 13% , demonstrating that other undetected pterins, if present, were there in relatively small amounts. ;
Time (Minutes) 35 Figure 3 . The effect of DTE on the ch<tnge in dihydropterin and dihydroxanthopterin concentrations with time. PH4 (140 ~M) was oxidised by potassium ferricyanide (280 ~M) in 0 .1 M phosphate buffer pH 6.8. The qPH2 generated was allowed to rearrange for 30 minutes at room temperature prior to incubation at 37 "c. Solutions of PH2, prepared by either ferricyanide or DCIP oxidation of PH4 and subsequent qPH2 rearrangement, were not stable. The formation of XH2 from PH2 was monitored by HPLC. The concentration ofPH2 fell rapidly, whilst the XH2 concentration increased (Fig. 3a) . This is attributed to 60H-PH4 autoxidation and increased PH2 hydration (Fig. 1 ).
Since DTE retards autoxidation of tetrahydropterins (6, 10) , its effects on the stability of PH2 were examined (Fig. 3b) . In the presence of DTE there was no appreciable change in the PH2 and XH2 concentrations over a 35 minute period. The addition of DTE (2 mg/ml) to newly formed PH2 solutions allowed the preparation of a range (20 -1200 J..lM) of relatively pure (80-94%), stable, PH2 solutions by serial dilution into buffer also containing DTE (2 mg/ml) .
It is possible that nucleophiles within the DTE/ buffer mixture could add to the 5,6-double bond of PH2.
To confirm the presence of PH2, samples of the putative PH2 solution were oxidised (9) . HPLC analysis of the products of the oxidation demonstrated the disappearance of the suggested PH2 peak and an increase in the pterin component (not shown). The mean percentage conversion of the implied PH2 into pterin was 86% (3 observations, range 81 -91 %). These findings demonstrate the intact nature of the 5,6-double bond and show that PH2 was the predominant species in the original solutions.
Oxidation of PH4 followed by a period of time for qPH2 rearrangement and subsequent DTE addition provides a simple method for the production of stable solutions of PH2, suitable for incorporation into enzyme assay systems.
